Study Design: To determine the changes on gastric emptying and gastrointestinal transit of liquid throughout the ®rst week after spinal cord transection (SCT) in rats. Methods: Male Wistar rats (n=121) were fasted for 16 h and a complete SCT or laminectomy was performed between C 7 and T 1 (cervical group) or between T 4 and T 5 (thoracic group). Dye recovery in the stomach, proximal, mid and distal small intestine was determined 30 min, 6 h, 1, 3 or 7 days after surgery. The test meal (1.5 ml of a phenol red solution, 0.5 mg/ml in 5% glucose) was intragastrically administered and the animals sacri®ced by cervical dislocation 10 min later. Results: Cervical SCT increased dye recovery in the stomach (P50.05) by 70.1, 78.7, 34.2, 41.3 and 50.9% while it decreased recovery in the mid small intestine (P50.05) by 87.1, 85.1, 74.8, 59.5 and 80.1%, respectively 30 min, 6 h, 1, 3 and 7 days after SCT. Thoracic SCT increased gastric recovery (P50.05) by 43.5, 67.6, 51.2, 75.4 and 38.9% while it decreased recovery in the mid small intestine (P50.05) by 100, 100, 45.6, 100 and 66.6%, respectively 30 min, 6 h, 1, 3 and 7 days after SCT. A separate group was submitted to laminectomy+bilateral sciatic nerve transection (paraplegic sham). Gastric emptying and gastrointestinal transit were not inhibited in this group. Conclusion: In summary, gastric emptying and gastrointestinal transit of liquid are inhibited throughout the ®rst week after high SCT in awake rats.
Introduction
Spinal cord injury (SCI) determines severe disturbances in homeostatic mechanisms. Gastrointestinal (GI) complications, previously underestimated, are becoming more evident as a result of the improvement in postinjury care and respiratory/genitourinary management 1 and have been reported to account for 10% of fatalities in SCI patients. 2 Delayed large bowel transit, 3 colon and anorectal functional alterations 4 have been described and large bowel dysfunction is burdensome for SCI patients. 5 Reduced motility of the distal colon has also been observed in rats. 6 However, there are few and yet con¯icting studies (both in humans or experimental animals) addressing the disturbances on upper GI tract motility. 7 ± 16 In humans, the SCI eect on gastric emptying (GE) is still controversial, since delayed GE has been reported 8 ± 10,14,16 but subsequently questioned. 11, 12 A possible explanation for such discrepancies is the fact that human studies included patients with important dierences in age, sex, interval after injury, pattern (complete or partial) and injury mechanism.
In a preliminary study, we have observed that acute cervical spinal cord transection (SCT) decreases GE, intestinal and GI transit of liquid in awake rats. 13 The aim of this study is thus to investigate the disturbances of GE and GI transit of liquid in awake rats, throughout the ®rst week after complete, standard high SCT, between T 4 and T 5 or between C 7 and T 1 . Part of this work has been reported in abstract form. 17 
Materials and methods
Surgical procedures, study design and daily care Experiments were performed on 121 male Wistar rats, weighing 160 ± 210 g. All surgical procedures and animal treatments were conducted in accordance with the`Guide for the Care and Use of Laboratory Animals' DHEW Publication No (NIH) 85-23 (Bethesda, MD, USA). GE and GI transit were measured 30 min, 6 h, 1, 3 and 7 days after surgery. The animals were deprived of food 16 h before surgery but water was allowed ad libitum. They were anaesthetized with ether and after laminectomy, the seventh cervical (C 7 ) and ®rst thoracic (T 1 ) or the fourth (T 4 ) and ®fth thoracic (T 5 ) vertebrae were carefully exposed via a midline dorsal incision and the SCT performed, using a ®ne cut scissor. Shamoperated animals also underwent laminectomy but without subsequent cord transection. 6 Bleeding was minimal and usually stopped in 10 ± 15 s. The completeness of the SCT was veri®ed by careful inspection of the lesion with the aid of a 106lens coupled to an optic light. A complete transection was con®rmed in all cases and the other clinical parameters (paraplegia, lack of nociception and somatic re¯exes below the lesion, as well as urinary retention) indicating completeness of the SCT were observed after anaesthesia recovery. 18 Immediately after SCT, the rats were allowed to recover on a warm pad and were closely monitored for signs of respiratory or circulatory distress. Typically, the rats were awake and mobile (moving forelimbs) approximately 20 min after surgery. We considered healthy spinal rats those animals that exhibited grooming and exploratory behaviour when removed from their cage, according to Osborn et al. 18 For the long term studies (1 ± 7 days after surgery) animals received an ip antibiotic injection (procain penicillin, 30,000 UI/kg) once a day. Animals were also placed in separate cages and maintained on rat laboratory chow and water ad libitum. Laboratory chow was broken into small pieces during the ®rst few days to help the animals during feeding. Animals started spontaneous oral intake (food and water ingestion) on the ®rst day after surgery. The spinalcord transected animals received regular skin and bladder care. Bladder emptying was accomplished by manual compression three to four times a day. 19 Animals also received a sc saline injection (5 ml) 6 h after surgery to provide initial hydration. At noon time, we daily weighed the animals submitted to the 7-day study.
To evaluate the eects of paraplegia per se (without the presence of spinal shock due to spinal cord transection), a separate group of sham operated animals was prepared (paraplegic sham operated animals). After performing bilateral lumbar incisions, these animals were submitted to bilateral sciatic nerve section followed by thoracic laminectomy.
Measurement of GE and GI transit
For GE and GI transit measurements, we used a modi®cation of the technique described by Reynell and Spray. 20 Animals were deprived of food 24 h before GE and GI transit measurements but water was allowed ad libitum until 2 h before the measurements. First, 1.5 ml of the test meal containing a nonabsorbable marker (0.5 mg/ml phenol red solution in 5% glucose) was given orally into the stomach through a stainless steel tube that was removed immediately after delivering the solution intragastrically. The animals were sacri®ced by cervical dislocation 10 min after test meal administration. The stomach and small intestine were exposed by laparotomy, quickly clamped at the pylorus, cardia and terminal ileum and then removed. The stomach and small intestine from the gastroduodenal junction to the caecum were carefully stretched along a meterstick on a plain top table and divided into the following segments: 1 stomach, 2 proximal 40% of small intestine, 3 mid 30% of small intestine and 4 distal 30% of small intestine.
Each segment was placed in a measuring cylinder and the volume measured by adding 100 ml of 0.1 N NaOH. They were cut in small pieces and homogenized for 30 s. The suspension was allowed to settle for 20 min at room temperature and 10 ml of the supernatant was centrifuged for 10 min (2800 rpm). Proteins in 5 ml of homogenate were precipitated with 0.5 ml of trichloroacetic acid (20% wt : vol), centrifuged for 20 min (2800 rpm) and 3 ml from the supernatant was added to 4 ml of 0.5 N NaOH. The absorbance of the sample was read at a wave length of 560 nm and expressed in optic densities (OD). In each experiment, a standard dilution curve was obtained relating the concentration of phenol red to the optical density of the solution in 0.1 N NaOH solution. The linear coecient of the standard dilution curve (a) was established and used to determine the concentration (C) of the solution read at 560 nm (C=OD) and subsequently the amount of phenol red (m) recovered from each segment (m=C6volume).
The fractional recovery of phenol red in each segment (x) was expressed as a percentage according to the following formula:
Recovery in the segment x=(amount of phenol red recovered in the segment7total amount of phenol red recovered from all four segments)6100.
Cardiovascular parameters
Mean arterial pressure (MAP) and heart rate (HR) were monitored before, during and after cervical or thoracic SCT. For this purpose, in a separate group, the right carotid artery was cannulated. The carotid cannula was connected to a Narco pressure transducer (P1000B) which was coupled to a Mark IV Physiograph (Narco Byo-Systems, Houston, TX, USA).
Statistical-analysis
The results are expressed as mean+SEM. The one-way analysis of variance (ANOVA) and the Bonferroni's test were used to compare the dierences in GE rates between the various groups. The ANOVA analysis of variance for repeated measures followed by the Dunnett's test were used to compare dierences in MAP, HR and weight before and after cervical or thoracic SCT. Dierences were considered signi®cant at P50.05.
Results
Figures 1 and 2 show that GE and GI transit of liquid at 10 min after test meal administration were signi®cantly decreased 30 min, 6 h and 1, 3 and 7 days after surgery in cervical or thoracic spinal cord transected animals (P50.05).
Recovery of phenol red in the stomach increased by 70. 1 Figure 1 Comparison of the eects of cervical spinal cord transection (SCT) between C 7 and T 1 and sham laminectomy (sham) on the fractional (%) dye recovery from the stomach, proximal and mid small intestine segments in awake rats. The animals were studied 30 min, 6 h, 1, 3 and 7 days after surgery and sacri®ced 10 min after test meal administration (1.5 ml of a 0.5 mg/ml phenol red solution in 5% glucose). *P50.05 Bonferroni's test Figure 3 shows the daily weight variations in shamoperated animals and cervical and thoracic spinal transected animals during the 7-day observation period. As can be observed, there was a signi®cant decrease in mean weight in spinal transected animals during the initial days after SCT. However, the weight was subsequently stable, until the animals were deprived of food for GE and GI transit measurements. Sham-operated animals gained weight from the second to the sixth day. The weight decrease in shamoperated animals from the ®rst to the second day was because we deprived these animals of food for 12 h to simulate the decrease in food intake in spinal transected animals following surgery.
Cervical SCT signi®cantly decreased MAP values from 106.3+3.9 (pre-injury levels) to 69.6+2. 8 
Discussion
To the best of our knowledge, this is the ®rst report in experimental animals describing inhibition of both GE and GI transit of liquid throughout the ®rst week after Figure 2 Comparison of the eects of thoracic spinal cord transection (SCT) between T 4 and T 5 and sham laminectomy (sham) on the fractional (%) dye recovery from the stomach, proximal and mid small intestine segments in awake rats. The animals were studied 30 min, 6 h, 1, 3 and 7 days after surgery and sacri®ced 10 min after test meal administration (1.5 ml of a 0.5 mg/ml phenol red solution in 5% glucose). *P50.05 Bonferroni's test standard high cervical or thoracic spinal cord transections, between C 7 and T 1 or T 4 and T 5 .
The protocol of SCT we utilized seems to be suitable to study the subacute eects of SCT on GI motility, since during the ®rst week, the animals were stable, spontaneously ingested food and water, were active, mobile and used their forelimbs. This is in agreement with previous studies in thoracic and cervical spinal rats, which demonstrated that thoracic and cervical spinal transected animals can be studied for prolonged periods of time in healthy conditions. 18, 19 In a preliminary study, we have observed that acute cervical spinal cord transection (SCT) decreases GE, intestinal and GI transit of liquid in awake rats. 17 However, the animals were studied only during the ®rst day after SCT and were also submitted to bladder catheterization. 17 Afterwards, we have observed, in agreement with previous studies, 19 that bladder catheterization is not essential for the daily management of spinal animals, since bladder care can be easily accomplished by expression of urine by abdominal compression three to four times a day. 19 In humans, scarce and con¯icting data about the eects of SCT on the motility of the upper portions of the GI tract are available: delayed GE of liquids or solids has been reported in SCI patients 8 ± 10,14,16 and subsequently questioned. 11, 12 A possible explanation for these discrepancies is the signi®cant variation in age, sex, interval after injury, pattern and injury mechanism in human studies. These variations were minimized in the present study since we utilized male rats with similar age and weight and the pattern of spinal cord injury can be easily reproduced and standardized in rats.
During the interdigestive state, the stomach as well as the small intestine exhibit cyclic periods of quiescence followed by intense motor activity. 21 However, the meal administration causes a rapid and marked change in the motility of the upper GI tract. Reduction in fundic tone is started and the small intestine develops patterns of irregular motor activity, resembling the phase II of the migrating myoeletric complex (MMC), which is known as fed or digestive pattern. 21 The disruption of the MMC by gavage has been reported to last between 105.6 and 110.1 min Figure 3 Daily weight changes 7 days after cervical (CERV) or thoracic (THOR) spinal cord transections as well as after thoracic or cervical sham laminectomy (THOR SHAM and CERV SHAM respectively). *P50.05 Dunnett's t test CERV versus CERV SHAM and THOR versus THOR SHAM after the administration of a meal containing glucose, fat and proteins. 22 In rats, irregular spiking in the small intestine can be obtained after feeding with hyperosmolar saline, amino acids, oleic acid and glucose. 23 The technique chosen for GE and GI transit measurements based on the recovery of phenol red, has been extensively employed in the medical literature. 19 The phenol red itself appears to have a limited eect on GI motility 23 and thus the technique allows the study of the motility of the GI tract during the fed state (gastric emptying and gastrointestinal transit).
The inhibition of the GE and GI transit we observed after cervical or thoracic SCT was evident not only during the ®rst few hours (30 min and 6 h after SCT) but also throughout the ®rst week after SCT. During the spinal shock phase, these modifications have been ascribed to the sudden autonomic modi®cations elicited by SCT, which to date are not fully understood. 24 Facilitation of the enterogastric 25 and intestino-intestinal re¯exes 26,27 is a possibility since there is a sudden lack of modulation from the CNS above the level of the spinal cord injury. It is still a reasonable explanation for the inhibition after the ®rst day post-injury since the lack of supraspinal modulation persists after the recovery from the spinal shock phase.
After the ®rst day, the development of autonomic hyperre¯exia after gavage could cause inhibition of GI transit and GE of liquid. This could be a reasonable explanation since spinal systems appear to be very active minutes after transection in rats 28 and autonomic hyperre¯exia is completely established within 1 day after SCT. 18 In fact, this possibility has been previously proposed, 8 although it was never fully evaluated.
The decreased physical activity after spinal cord transection could also contribute to the inhibition of the GI motility we have observed throughout the ®rst week after SCT. However, this does not appear to explain our results, since the animals from our paraplegic sham group (bilateral sciatic nerve section) did not exhibit the marked GE and GI transit changes observed after complete spinal cord transection.
We have also observed that MAP levels were signi®cantly decreased immediately after cervical or thoracic SCT, and this fall persisted in the ®rst 3 days after SCT, in agreement with previous results. 18 However, MAP levels were not statistically dierent from pre-injury levels 7 days after SCT. In contrast, heart rate was signi®cantly decreased immediately after the lesion and bradycardia persisted 7 days after SCT.
In summary, our results indicated that GE and GI transit of liquid were both inhibited during the ®rst week after complete SCT between C 7 and T 1 or T 4 and T 5 . This inhibition does not appear to be determined by decreased physical activity following SCT. Further studies are necessary to outline the mechanisms involved in this phenomenon.
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